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SUMMARY 

Cycle tests on 4 AH sea l ed ,  n i cke l  cadmium cel ls  containing 

hea t  sea led  p l a s  i-ic pil lows a s  the operai-ing e l e c t r o l y t e  l e v e l  

c o n t r o l l i n g  bellows device have been performed success fu l ly  on 

24-hour and 2-hour o r b i t s  a t  a 700k depth of d i scharge .  A l a g  

i n  oxygen recombination c r e a t e s  maximum c e l l  p ressures  and 

minimum e l e c t r o l y t e  l e v e l s  during e a r l y  d ischarge  w i t h  minimum 

pressures  occurr ing during e a r l y  charge. 

Rapid e l e c t r o l y t e  drainage from p a r i - i a l l y  flooded p l a t e  

packs a c c e l e r a t e s  recombination. The b e s t  combination of  

e l e c t r o l y t e  and separa tor  i n  tests t o  d a t e  i s  20% KOH and open- 

weave mono-filament nylon c lo th .  

Rectangular,  p a r t i a l l y  i n f l a t e d  p l a s t i c  p i l lows  have 

demonstrated on an acce lera ted  t e s t  b a s i s  25 ,000  cyc les  of 

expansion and cont rac t ion  under c e l l  condi t ions  a t  room 

temperature and wi th  an expansion e f f i c i e n c y  AV/V of 0,58- 

ii 
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I e INTRODUCTION 

Although work i n  the  f i r s t  q u a r t e r  demonstrated the p o s s i b i l i t y  

of e l e c t r o l y t e  l e v e l  cont ro l  i n  t h e  Cd/KOH/NiOOH system, tes ts  a l s o  

revealed a prime problem area i n  the  slow recombination of oxygen 

gas a t  t h e  nega t ive  p l a t e .  The improvement of recombination ra te  

was c l e a r l y  ind ica t ed ,  e spec ia l ly  through s e l e c t i o n  of a s epa ra to r  

and a c e l l  e l e c t r o l y t e  volume t h a t  would no t  leave the nega t ive  

p l a t e s  over-we t a f t e r  a s i m p l e  d r a i n ,  

Work i n  the  second qua r t e r ,  confined c h i e f l y  t o  Task 1, t h e  

Cd/KOH/NiOOH system, was d i r ec t ed  toward t h r e e  objec t ives :  

a ,  The optimizing of a l l  poss ib l e  c e l l  para-  

meters f o r  u s e  i n  the  f i f t e e n  6 ampere- 

hour bellows eva lua t ion  ce l l s ,  

b,  The s e l e c t i o n  and procurement of  the b e s t  

a v a i l a b l e  m e t a l l i c  bellows along with improve- 

ment of non-me t a l l i c  bellows subs t i  t u  Ise, 

c. The design and f a b r i c a t i o n  of 15  l u c i t e  c e l l  

conta iners  with bellows chambers a long with 

assembly of t h e  p l a t e  groups for  the  6 ampere- 

hour t e s t  elements. 

A l l  experience gained with m e t a l l i c  bellows and bellows 

s u b s t i t u t e s  i s  d i r e c t l y  appl icable  t o  t h e  ob jec t ives  f o r  t h e  Cd/KOH/AgO 

performance of Task 2 .  

- 1 -  
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The s e l e c t i o n  of a bellows manufacturer with c a p a b i l i t y  f o r  

e lectroforming bellows i n  rec tangular ,  round o r  o t h e r  shapes w i l l  

be used t o  advantage f o r  incorpora-Ling t h e  p re s su re  ac t iva t ed  

e l e c t r i c a l  s w i t c h  of Task 3 .  

2 ,  WORK ACCOMPLISHED DURING 

2 . 1  Task 1 - F e a s i b i l i t  

SECOND QUARTER 

r of E l e c t r o l y t e  Level Controlled b 

Bellows I n  A Sealed Gd/KOH/NiOOH C e l l .  - 

2 " 1 , ,  1 Ce l l  Parameter Studvo - I n  the  f irst  q u a r t e r l y  r e p o r t  (1) 

four  approaches were suggested f o r  t h e  improvement of recosnbina tion: 

a. Increase nega t ive  p l a t e  a rea  a v a i l a b l e  f o r  

recombination. 

Increase  s o l u b i l i t y  o f  O2 i n  e l e c t r o l y t e  

by decreasing concentrat ion,  

Decrease t h e  volume of O2 i n  the  c e l l  

by decreasing the  f r e e  space around and 

above the c e l l  pack. 

b. 

c .  

d ,  Decrease the  e f f e c t i v e  th ickness  of t h e  

l a y e r  of e l e c t r o l y t e  on t h e  negat ive p l a t e ,  

I n  i t s  e n t i r e t y  t h i s  study encompassed f i v e  d i s t i n c t  tes t  series. .  

A t  t he  o u t s e t  only two s e r i e s  were planned, S e r i e s  "D" and "E", t o  

eva lua te  the  b e s t  ava i l ab le  sepa ra to r  along wi th  t h r e e  d i f f e r e n t  

e l e c t r o l y t e  concentrat ions and two e l e c t r o l y t e  l e v e l s ,  and t o  s tudy  

- 2 -  
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p i l low ac t ion .  LJnexpected high c e l l  ope ra t ing  pressures  d i c t a t e d  t h e  

inc lus ion  of t h r e e  sub-ser ies  under "D". New pi l low techniques and 

ma te r i a l s  brought the  addi t ion  of S e r i e s  "F" and "6" The acqu i s i -  

t ion  of promising new separa-tor ma te r i a l s  r e s u l t e d  i n  t h e i r  

eva lua t ion  by S e r i e s  "H", "I", and "J". 

Table I p resen t s  an o u t l i n e  of t he  most p e r t i n e n t  t es t  and 

c e l l  d e t a i l s  f o r  t he  n ine  major tests,  The attempt was made, where 

poss ib l e ,  t o  eva lua te  seve ra l  parameters simultaneously and a t  t h e  

same time learn t h e  e c c e n t r i c i t i e s  assoc ia ted  with bellows ac t ion ,  

The t e s t  ce l l s  used i n  t h i s  s tudy were composed of 4 AH, s i n t e r e d  

p l a t e  Ni-Cd elements i n  l u c i t e  j a r s  equipped w i t h  a p re s su re  gauge 

and needle valve and f i t t e d  with a detachable  bellows chamber below 

t h e  element. The same two c e l l s ,  Nos, 3 and 4, were used throughout. 

The e l e c t r o l y t e  concentrat ion was t h e  only d e l i b e r a t e l y  imposed 

d i f f e rence  between the  two c e l l s .  Each contained a s e t  of f o u r  

polyethylene 4 m i l  p i l lows ,  with two l a r g e  ones folded t o  l i n e  t h e  

broad wal l s  and two small  ones t o  l i n e  the  narrow wal l s  of the 

r e c  i-angular chamber 

2 , 1 , 1 , 1  E l e c t r o l y t e  Concentration E f f e c t  i n  24-Hour Orbi t  Tes ts ,  - 

(SERIES D-1 AND D - 2 )  

a* Cycle Regime: Charge 22 hours a t  250 mA (1.37 C)- 

Discharge 2 hours a t  1 , 4  amps (0.7 C). 

- 3 -  
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b o  

C. 

d. 

Separator:  Double l a y e r  o f  4 m i l ,  1 2 0  mesh, nylon, 

mono-filament c l o t h  with a 5 - 4  m i l  aper ture .  

Maximum poss ib l e  he ight  of 1OOk p l a t e  E l e c t r o l y t e  Level: 

immersion a t  20" Hg vacuum, 

E l e c t r o l y t e  Concentration: 

S e r i e s  D-1 (5 cycles)  - C e l l  No. 3 contained 25% KOH 

Cell  No, 4 contained 31% KOH 

S e r i e s  D-2 (6 cycles)  - Cel l  No, 3 contained 25% KOH 

C e l l  N o ,  4 contained 20% KOH 

Table I1 l ists  the  e l e c t r o l y t e  l e v e l ,  c e l l  pressure  and t i m e  

of occurrence f o r  maximum and minimum c e l l  pressure  i n  each cycle .  

Severa l  po in t s  a r e  noteworthy: 

a. A l a g  i n  recombination causes t h e  p re s su re  maximum 

t o  occur near  the end of t h e  charge per iod and the  

p r e s s u r e  minimum t o  appear near t he  f i r s t  1OOk of 

the  22-hour charge, This e f f e c t  dur ing  one f u l l  

cyc le  i s  shown i n  Figure 1 along wi th  t h e  

corresponding change i n  e l e c t r o l y t e  l e v e l  due t o  

a c t i o n  o f  the  p l a s t i c  p i l lows  used a s  t h e  bellows 

devices  i n  each c e l l ,  

b.  An e f f e c t  of e l e c t r o l y t e  concent ra t ion  on c e l l  

p ressure  i s  c l e a r l y  shown i n  Figure 1, Average 

va lues  f o r  a l l  cyc les  a r e  l i s t e d  as fol lows:  

- 4 -  
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31% KOH 25% KOH 20% KOH 
(5 Cycles1 (11 Cycles) (6 Cycles) 

Maximum Pressure  = 23.0 PSIA 1 7 . 6  PSIA 1 4 . 7  PSIA 

Minimum Pressure  = 5.5 PSIA 4.1 PSIA 1 . 9  PSIA 

P l a t e  Immersion a t  Minimum 

Pressure Poin t ,  % = -- 3% 6% 

Note a l s o  i n  Figure 1 how t h e  r e l a t i v e l y  high minimum pres su res  

have depressed t h e  maximum e l e c t r o l y t e  l e v e l  i n  the  case  of 31% KOH, 

2 , 1 , 1 . 2  E l e c t r o l y t e  Concentration Effect  I n  2 - H o u r  Orb i t .  - 

(SERIES D-3) 

The condi t ions  s e l e c t e d  f o r  the  2-hour o r b i t  cycle  tes ts  cons is ted  

o f  t h e  following: 

a. Cycle Regime: Charge 90 minutes a t  i nd ica t ed  r a t e ,  

Discharge 30 minutes a t  5.6 amps 

(0.70 C)- 

b Separator:  Same a s  24-hour t es t  s e r i e s .  

c. E l e c t r o l y t e  Level: Same a s  24-hour t es t  s e r i e s .  

d. E l e c t r o l y t e  Concentration: Ce l l  No. 3 = 25% KOH 

Ce l l  No. 4 = 20% KOH 

Two cyc les  a t  t he  3.73 ampere charge r a t e  t o  a 1 . 4  C i npu t  

produced excessi.ve pressure  and C e l l  No. 4 conta in ing  20% KOH w a s  

re-evacuated a f t e r  a 19:1/2 hour  open-c i rcu i t  stand. 

Four cyc les  a t  the  2.61 ampere charge r a t e  t o  140"A of t h e  pre- 

t 

vious  output  produced excessive p re s su res  and were followed by 

- 5 -  
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re-evacuat ion of C e l l  No. 4 con-taining 2% KOH. 

Eleven cyc les  a t  t h e  2.05 ampere charge r a t e  t o  1100/, of the  

previous d ischarge  output  were run  s u c c e s s f u l l y  without  a build-up 

of  pressure  over  1 0  ps ig .  

A t e s t  evacuat ion o f  both ce l l s  a t  t h e  end o f  t h e  series produced 

f u l l  p i l l ow response i n  c e l l  No, 3 t o  10% immersion but  on ly  p a r t i a l  

response i n  C e l l  No, 4 to  2-1/2% immersion, Examination revealed 

l e a k s  i n  3 of the  4 p i l lows  i n  t h i s  ce l l .  The causes  of  .these l e a k s  

w i l l  be  d iscussed  i n  a l a t e r  s e c t i o n  of t he  r epor t .  

Table I11 lists the  maximum and minimum c e l l  p re s su re  with t i m e  

of  occurrence i n  each cycle .  Note how the  r e l a t i v e l y  high minimum 

pres su re  throughout t h i s  s e r i e s  kep t  t h e  l e v e l  below t h e  p la te  bottoms 

except f o r  t h e  per iods  of open-c i rcu i t  recovery,  

A d i f f e r e n c e  i n  the average maximum and minimum c e l l  pressures  

was found f o r  t h e  11 cycles ,  which again shows lower va lues  f o r  the 

lower concent ra t ion  o f  e l e c t r o l y t e :  

25% KOH 2oCk KOH 

Maximum Pressure  = 16 .8  PSIA 1 4 - 3  PSIA 

Minimum Pressure  = 9 . 9  PSIA 6 . 7  PSIA 

Two-hour o r b i t  cyc l ing  demonstrates an e l e c t r o l y t e  concent ra t ion  

e f f ec t  with lowest pressures  and t h e  b e s t  e l e c t r o l y t e  l e v e l  con-trol  

i n  20% KOH. 

- 6 -  
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A l a g  i n  recombination i s  even more pronounced i n  the 2-hour 

o r b i t  t e s t  with the p re s su re  minimum appearing dur ing  the first 1/3 

of the  charge per iod and t h e  p r e s s u r e  maximum a t  about the f irst  17% 

of  t h e  discharge per iod .  

An increase  i n  e l e c t r o l y t e  l e v e l  was d i c t a t e d  by the  "D" s e r i e s  

t e s t s ,  The 1OOk immersion of p l a t e s  i n i . t i a l l y  was proved t o  be too 

low, A s  c e l l  p ressures  developed the  e l e c t r o l y t e  l e v e l  dropped t o  

a p o s i t i o n  1 9  to  22 mm below the bottom of  t h e  p l a t e s  g iv ing  per-  

formance e s s e n t i a l l y  equivalent  t o  a drained c e l l  pack. 

2 . 1 , l .  3 E l e c t r o l y t e  Concentration Effect I n  2-Hour O r b i t  T e s t  

A t  A S i g n i f i c a n t  E l e c t r o l y t e  Level (Ser ies  "E"). - To determine t h e  

effect  of e l e c t r o l y t e  concentrat ion a t  a s i g n i f i c a n t  e l e c t r o l y t e  

l e v e l ,  L-he fol lowing t e s t  condi t ions were imposed: 

a .  Cycle Regime: Charge 90 minutes a t  2 .05  amperes. 

Discharge 30 minutes a t  5 .6  amperes. 

b. Separator:  Same a s  24-hour tes ts ,  

c, E lec t ro ly t e  Level: 72% p l a t e  immersion a t  26" 

Hg vacuum. 

d o  E lec t ro lv t e  Concentration: Cell  No, 3 = 25% KOH 

Ce l l  No., 4 = 20% KOH 

Thirty-seven uninterrupted cyc les  were run,  C e l l  p re s su res  and 

e l e c t r o l y t e  l e v e l s  were monitored c l o s e l y  a t  t h e  beginning (Cycles 

1 through 4), near  the  middle (Cycles 13 through 16) and near the 

- 7 -  
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end (Cycles 2 5  through 28). Figures  2 and 3 a r e  p l o t s ,  r e spec t ive ly ,  

of these readings.  

Severa l  p o i n t s  of i n t e r e s t  a r e  c l e a r l y  d i sce rn ib l e :  

a .  

b. 

C *  

d. 

e. 

Throughout the e n t i r e  t e s t ,  t he  c e l l  wi th  the  

lower e l e c t r o l y t e  concent ra t ion  (20% KOH) had t h e  

lower opera t ing  pressures .  

During t h e  f i r s t  f o u r  cyc les ,  a s t eady  build-up 

of ope ra t ing  pressure occurred. A f t e r  t e n  cycles  

the  p re s su res  had s t a b i l i z e d  a t  a l e v e l  s l i g h t l y  

above the  f o u r t h  cycle values .  

Af te r  s t a b i l i z a t i o n  of  ope ra t ing  p res su res ,  t he  

advantage of 20% KOH became more pronounced a s  

shown by t h e  g rea t e r  range between t h e  maximum 

and minimum pressure  curves. 

A recombination l a g  is again evident  wi th  t h e  

pressure  maxima i n  e a r l y  d ischarge  and t h e  minima 

a t  about mid-charge. The p a t t e r n  i s  the  same 

throughout fo r  both e l e c t r o l y t e  concent ra t ions ,  

The e l e c t r o l y t e  l e v e l  response i n  t h e  f i r s t  four  

cyc les  w a s  genera l ly  a s  expected wi th  the  maximum 

l e v e l s  c o i n c i d i n g w i t h  t h e  pressure  lows. The 

i n i t i a l  high l e v e l  was reduced i n  t h e  f i r s t  cyc le  

t o  about 10% immersion and remained a t  o r  below t h i s  

- 8 -  
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l e v e l  f o r  t he  e n t i r e  cyc l ing  per iod,  A number of 

d i s p a r i t i e s  ape ev ident  i n  the  l a t t e r  s t a g e s  

of cycling: 

1, The l e v e l  i n  c e l l  No, 4 420% KQH) remained 

below t h e  p l a t e  bottoms during most of t h e  

discharge per iods,  The per iods of maximum 

l e v e l  occurred du r ing  charge, became pro- 

gress ive ly  shopper and reached l e v e l s  of only 

1% immersion, The minimum l e v e l s  occurred 

genera l ly  i n  phase with the  pressure  maxima, 

2, The l e v e l  i n  c e l l  No, 3 (*25% KQH) ranged a t  

o r  above p l a t e  bottoms and showed maximum 

l e v e l s  out- of  phase with p re s su re  mjnima, 

The maximum l e v e l s  occurred near t h e  s t a r t  

o f  discharge and reached peaks o f  about 5% 

immersion, 

The average maximum and minimum c e l l  p ressures  a r e  higher  f o r  

thSs  t es t  as  compared with the preceding drained element t e s t s :  

Maximum Pressure = 

Minimum Pressure = 

25% KQH 2 W ?  KQH 

31-8  PSIA 2 4 - 7  PSXA 

22,s PSIA 1 6 . 1  PSdA 



Second Quar te r ly  Report 
NASA Contract  No, NASS-3813 
ESB Report No, E-1-65 

After  t he  l a s t  discharge the  c e l l s  were allowed t o  s tand on open- 

c i r c u i - t ,  and t h e  pressure  decay and l e v e l  response w e r e  monitored f o r  

a 22-hour per iad ,  The d a t a  a r e  p l o t t e d  i n  F igure  4. 

Cel l  S/N 4. (200/0 KO") showed lower pressures  throughout most of t h e  

decay per iod and a more rapid r a t e  of l e v e l  recovery dur ing  t h e  f i rs t  

h a l f  of t he  per iod,  Both c e l l s  showed near ly  complete recombination of 

c e l l  gas du r ing  the decay period monitored, 

I n  a t es t  re-evacuat ion,  ne i thep  c e l l  showed a r e t u r n  t o  o r i g i n a l  

e l e c t r o l y t e  l e v e l s  with c e l l  No. 4 showing t h e  g r e a t e r  l o s s  of  

response. Subsequent examination of the p i l lows  showed seam l eaks  

i n  the  two small  p i l lows  of c e l l  No, 4. The p i l lows  of c e l l  No, 3 

were apparent ly  i n t a c  t bu t  seemed somewhat d e f l a t e d  L) sugges t i ng  

the poss ib l e  l o s s  of trapped a i r  by d i f f u s i o n  through the  4 m i l  

polyethylene f i l m ,  

Test  S e r i e s  "F" was i n i t i a t e d  f o r  t he  purpose o f  making a quick 

eva lua t ion ,  under t h e  same tes t  regime, of what appeared t o  be a 

promising p i l low m a t e r i a l  i n  t h e  form of f l e x i b l e  tubingo The t e s t  

was abandoned after 1 0  cycles  upon evidence of e l e c t r o l y t e  a t t ack ,  

2 1,1,4 Rat io  of Charped Active Mater ia ls ,  - Dennis Turner (2) has  

ind ica ted  a d e f i n i t e  r e l a t i o n s h i p  between recombinacion r a t e  and 

s ta te -of -charge  o f  t h e  negative p l a t e s ,  By increas ing  the  r a t i o  of 
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charged negat ive a c t i v e  mater ia l  t o  charged p o s i t i v e  a c  Live m a t e r i a l  

he  v i s u a l i z e s  g r e a t e r  a r eas  of cadmium made a v a i l a b l e  f o r  r e a c t i o n ,  

The maximum poss ib l e  r a t i o  with t h e  c e l l s  i n  t h i s  s tudy is 1 . 5 ,  and 

the  opera t ing  i n i t i a l  r a t i o  has been 1.13, 

a s  a p a r t  of t he  work of  t h e  t h i r d  q u a r t e r  t o  eva lua te  t h i s  parameter 

a t  r a t i o s  of 1.3 and 1 .4 ,  

I t  i s  proposed, t he re fo re ,  

% , 1 , 2  Evaluat ion o f  Net t ing and Cloth Separator  Mater ia l s ,  - 

2,1.2.1 General. - A s  brought o u t  i n  t h e  f irst  q u a r t e r l y  r e p o r t ,  

che whole concept of performance improvement through r e g u l a t i o n  of 

e l e c t r o l y t e  l e v e l  w a s  found t o  hinge on the  c a p i l l a r y  p r o p e r t i e s  of 

the separa tor .  Evidence f o r  t h i s  appeared i n  the  f a i l u r e  of micro- 

porous s h e e t  i n su la t ed  c e l l s  t o  show capac i ty  l o s s  a f t e r  simple 

d ra in ing  of e l e c t r o l y t e  and a l s o  by t h e i r  i n a b i l i t y  t o  withstand 

sea l ed  overcharge, This behavior i s  a t t r i b u t e d  to the  s u b s t a n t i a l  

wicking and absorp t ive  powers of t h e  microporous m a t e r i a l  where 

s a t u r a t e d  pores supply an ample r e s e r v o i r  of e l e c t r o l y t e  f o r  d i scharge  

b u t  p re sen t  a formidable b a r r i e r  t o  gas  passage, 

A search was conducted f o r  s epa ra to r  ma te r i a l s  with a balance of 

c a p i l l a r y  p r o p e r t i e s  which would allow rap id  drainage t o  quick ly  

form gas passages bu t  s t i l l  r e t a i n  enough e l e c t r o l y t e  t o  provide a 

t h i n  f i l m  of e l e c t r o l y t e  s u i t a b l e  f o r  i o n i c  and gas t r a n s f e r ,  

Many samples of polyethylene and polypropylene n e t t i n g  were 

obtained,  most being unsui table  due t o  l a r g e  openings and excessive 

thickness.  Two of t h e  most promising ma te r i a l s  were s e l e c t e d  f o r  

- 11 - 
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the  test:  DuPont Type 15 ADS 129 Vexar polyethylene ne-t-ting, 23 

m i l s  t h i ck ;  and Nalle Company's "Rice Bag" polyethylene n e t t i n g ,  

1 6  m i l s  t h i ck .  I n  add i t ion ,  an  open-weave .type of mono-filament 

nylon c l o t h  was secured, I t  is Alber t  Godde Bedin Company .type 

8-M screen  c l o t h ,  96 mesh with a 6.3 m i l  ape r tu re  and 4 m i l s  t h i ck ,  

t o  be used i n  a double l aye r .  

2 , 1 . 2 . 2  E f f e c t  of E l e c t r o l y t e  Level On Discharge Capacity.. - A 

t h r e e  cyc le ,  manual t e s t  was run  f o r  each sepa ra to r  ma te r i a l  using 

c e l l s  No, 3 and No, 4 i n  t h e  open condi t ion,  T e s t  condi t ions  

s e l e c t e d  were a s  follows: 

a.  Cycle Regime: Charge t h e  flooded c e l l  i n  a l l  cyc les  

f o r  1 6  hours a t  6/10 (400 mA). 

b,  Open-circuit  Stand: For 4 hours,  

c. Discharge: A t  C/2 (2 amps) t o  1,OO v o l t  p e r  ce l l .  

d ,  Cvcle No. 1: Discharge a t  f looded l e v e l ,  

e, Cycle No- 2: Discharge a t  SO'% flooded l e v e l ,  

Flood the c e l l  and run a r e s i d u a l  

discharge a t  1 ampere t o  remove t h e  

same to- ta l  ou tput  as i n  Cycle 1, 

f .  Cycle No, 3: Discharge a t  1oOA flooded l e v e l ,  

g- E l e c t r o l y t e  Concentration: Ce l l  No" 3 = 25% KOH 

C e l l  No, 4 = 20% KOH 

The ampere hour capac i t i e s  obtained during t h e  t h r e e  d ischarge  

capac i ty  t es t s  are l i s t e d  f o r  each sepa ra to r  m a t e r i a l  i n  Table I V .  

- 1 2  - 
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The discharge vol tage  c h a r a c t e r i s t i c s  a r e  p l o t t e d  i n  Figure 5. 

The two n e t  ma te r i a l s  show a d e f i n i t e  decrease i n  capac i ty  with 

decrease i n  e l e c t r o l y t e  leve l .  The coarse  nylon c l o t h  shows a smal l  

capac i ty  t o  l e v e l  r e l a t i o n s h i p  which sugges ts  t h e  p o s s i b i l i t y  of a 

g r e a t e r  e f f e c t  a t  higher  discharge r a t e s  and lower temperatures.  

The t h i c k e r  n e t s  do no t  adversely affect  the  discharge vol tage  

"plai-eau" a s  compared wi th  t h e  t h inne r  c l o t h  sepa ra to r  a t  t h i s  

p a r t i c u l a r  ra te  (C/2) e 

There i s  l i t t l e  d i f f e rence  i n  vo l t age  C h a r a c t e r i s t i c s  between 

t h e  25% and 20% KOH c e l l s .  

concent ra t ion  g ives  the  higher values .  

Where a d i f f e r e n c e  does appear,  t h e  20% 

2 , l .  2.3 E f f e c t  of Separator  on Sealed Overcharge Charac t e r i s t i c s .  - 

A t  the  end of each 3-cycle discharge tes t ,  t h e  c e l l s  were flopded, 

d i scharge  t o  zero v o l t s  a t  t h e  C / 5  r a t e  and continued i n t o  r eve r se  

charge t o  prepare the  negative group f o r  s ea l ed  opera t ion .  Af t e r  

a 4 t o  5 hour open-c i rcu i t  stand, t h e  c e l l s  were drained t o  t h e  100% 

p l a t e  immersion l e v e l ,  evacuated t o  28" Hg and sea led ,  A s i n g l e  

4 m i l  polyethylene pi l low 1-7/8" X 2" with 1 . 5  cc i-rapped a i r  was 

placed i n  t h e  chamber of each c e l l .  

of e l e c t r o l y t e  t o  r i s e  during c e l l  evacuation t o  the  completely 

flooded s t age ,  

(-400 mA) was given followed by a per iod of overcharge a t  C/20 (200 mA). 

The p i l low caused the  l e v e l  

With t h e  c e l l s  i n  t h i s  condi t ion ,  a charge a t  C/10 

- 13 - 
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D e t a i l s  of t he  sea led  charge inc luding  AH input ,  vo l tage ,  

p ressure  and ekec t ro ly t e  l e v e l s  are l i s t e d  i n  Table IV 

The v a r i a t i o n  of  c e l l  vo l tage ,  p ressure  and l e v e l  wi th  t i m e  of 

charge can be seen i n  Figure 6 for c e l l  No.  3 (25% KOH) and i n  

Figure 7 f o r  c e l l  No. 4 (20"/0 KOH). 

For each overcharge t h e  fol lowing l i m i t s  were s e t  f o r  manual 

termination: 

a. Ce l l  Voltage = 1.55 V 

b. C e l l  Pressure = 50 PSIG 

c. T i m e  = 24 hours 

The time l i m i t  was a r b i t r a r i l y  set  a t  2 4  hours t o  speed the  

course of t h e  test program. 

Overcharge t e s t i n g  with 23 m i l  DuPont Vexar n e t  was terminated 

i n  c e l l  No, 3 by vol tage.  It  was terminated i n  c e l l  No,& a t  2 4  

hours with the  vol tage  appearing t o  l e v e l  a t  1 - 5 1  v o l t s  and i-he 

p re s su re  cont inuing t o  r i se  a t  3 1  PSIA 

Overcharge with 1 6  m i l  Nalle n e t t i n g  was ended i n  c e l l  No. 3 

by a vo l t age  of 1 , 5 4  v o l t s  which gave a s l i g h t  i n d i c a t i o n  of l eve l ing -  

It  was ended i n  c e l l  No. 4 by a pressure  of 64 PSIA wi th  a 

s t a b i l i z e d  vol tage  of 1.52 v p l t s  pe r  c e l l .  

- 1 4  - 
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Overcharge wi th  8 m i l s  of  96 mesh nylon c l o t h  was c a r r i e d  a t  

C/20 f o r  both c e l l s  t o  a t o t a l  i n p u t  of 12 .4  ampere hours. A t  t h i s  

p o i n t  the vo l t age  was 1.42 f o r  both ce l l s  and the p re s su re  s tood  

a t  1 3  PSIA f o r  c e l l  No. 3 and 16  PSIA f o r  c e l l  No. 4* The t o t a l  

charge per iod  w a s  44 hours.  

The charge r a t e  f o r  both c e l l s  w a s  then increased  to C/10 

(400 mA) and continued 48 hours more t o  a t o t a l  charge input  of  

3 1  6 AH< A t  t h i s  p o i n t  the vol tage  o f  c e l l  No, 3 had increased  

g radua l ly  t o  1.49 v o l t s  and the p r e s s u r e  had s t a b i l i z e d  

a t  22 PSIA, C e l l  No.  4 a t  the same p o i n t  had a s t a b i l i z e d  v o l t a g e  

of 1 .45 v o l t s  h u t  a p re s su re  which had increased  s t e a d i l y  t o  62 PSIA. 

I n  t h i s  t e s t  t h e  e l e c t r o l y t e  l e v e l s  were n o t  monitored r e l i a b l y  

and Figures  6 and 7 show only  those few measurements t h a t  w e r e  

considered accura te .  Enough po in t s  w e r e  ob ta ined ,  however, t o  g ive  

t h e  fo l lowing  approximations of l e v e l  du r ing  overcharge: 

S e p ar  a t o r  C e l l  No. 3 (25% KOH) C e l l  No. 4 (20% KOH) 

Vexar Net t ing  24% Immersion 2 OOk Immersion 

Nal le  Net t ing  3% Immersion 24% Immersion 

AGB Nylon Cloth 12% Immersion 18% Immersion 

This  t e s t  i n d i c a t e s  AGB Type 8-M nylon c l o t h  i n  double l a y e r  

as t h e  b e s t  a v a i l a b l e  sepa ra to r  m a t e r i a l  on hand. 

- 15 - 
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2 - 1 . 2 . 4  Comparison of Physical Proper t i e s ,  - Beside the simple 

expedient of t r i a l  and e r r o r  i n  t he  search  f o r  the b e s t  s epa ra to r  

ma te r i a l  f o r  bellows a c t i o n  cel ls ,  it appeared l i k e l y  t h a t  an examination 

of ma te r i a l  geometry a s  r e l a t e d  t o  su r face  fo rces  when i n  contac t  with 

e l e c t r o l y t e  would he lp  t o  def ine  some of t h e  c h a r a c t e r i s t i c s  needed, 

Previous s tudy of separa tor  ma te r i a l s  (3) has recognized the 

s i g n i f i c a n c e  of phys ica l  makeup, f o r  example, where absorbency of 

e l e c t r o l y t e  to a considerable  degree is shown by woven c l o t h s ,  such 

as nylon, which has  no wicking powers. 

During the  search f o r  a coarse weave nylon c l o t h ,  a c lose ly  graded 

l i n e  of Teflon screening  i n  1 6  s i z e s  w a s  found. Since t h i s  l i n e  

covers a range of ape r tu re  s i z e s  from t h e  n e t t i n g  s i z e s  a t  one extreme 

to nylon c l o t h  a t  t h e  o t h e r ,  i t  was bel ieved t h a t  one of the  i n t e r -  

mediate grades could e a s i l y  approach the  optimum mesh s i z e ,  

Table V was prepared t o  l i s t  some of the  phys ica l  and dimensional 

f e a t u r e s  of n ine  ma te r i a l s ,  including very f i n e  mesh Teflon (screen) 

a t  one extreme, Vexar and Na l l e  n e t t i n g  a t  the o t h e r  extreme, two 

nylon mono-filament c l o t h s  (120 and 96  mesh), and f o u r  in te rmedia te  

gpades of Teflon screen  

Table V lists the o v e r a l l  thickness ,  mesh dimension, r a t i o  of 

mesh a rea  t o  thickness ["pore" depths] ,  some d a t a  on e l e c t r o l y t e  

- 1 6  - 
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absorbency and drainage,  and height  of t he  e l e c t r o l y t e  column observed 

a f t e r  drainage,  

By consider ing the  c e l l  t e s t  d a t a  gathered thus f a r  on sepa ra to r  

ma te r i a l s  and t h e  d a t a  given i n  Table V, i t  i s  be l ieved  t h a t  t h e  

67 mesh Teflon screen ,  type AGB 9-60-250, should c lose ly  approach 

t h e  optimum. D e t a i l s  of t h e  cons idera t ion  l ead ing  to  t h i s  p r e d i c t i o n  

a r e  a s  follows: 

a,  

b. 

C,  

C e l l  t e s t s  with Pormax, nylon c l o t h  and n e t t i n g  

gave r e s u l t s  t h a t  b racke t  t h e  d e s i r a b l e  f e a t u r e s  

sought 

Sa tura ted  Pormax gave no e l e c  trolyi-e l e v e l  e f fec t  

on discharge and showed poor recombination 

p r o p e r t i e s  on overcharge, Lts f i n e  pore s t r u c t u r e  

p re sen t s  sur face  f o r c e s  too s t r o n g  f o r  g r a v i t y  

o r  gassing fo rces  t o  overcome, It has a low 

value f o r  the rai - io  of pore a rea  t o  thickness ,  

The two ne t t i ngs  have r e l a t i v e l y  l a r g e  ape r tu re s  

which are too g r e a t ,  a s  observed i n  d r a i n  tests,  

to support: f o r  long a f i l m  of e l e c t r o l y t e ,  The 

n e t t i n g s  gave pronounced d ischarge  l e v e l  e f f e c t s  

b u t  showed genera l ly  unfavorable c e l l  vo l t ages  

and pressures  during sea led  overcharge of 

p a r t i a l l y  drained elements,  Note i n  Table V 

t h e  low values of e l e c t r o l y t e  r e t e n t i o n  
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d. Ce l l s  u t i l i z i n g  the  96  mesh non-filament nylon 

c l o t h ,  a very  open-weave type., showed a small  

decrease i n  discharge capac i ty  with decreas ing  

e l e c t r o l y t e  l e v e l  ,a& gave favorable  bellows 

ac t ion  and overcharge c h a r a c t e r i s t i c s ,  

e.  The Teflon screen,  AGB 9-60-250, suppor ts  a 

he ight  of l i qu id  about ha l f  that  of i-he 96  mesh 

c l o t h  on t h e  2 minute v e r f i c a l  d r J i n  t e s t ,  This 

d a t a  suggests  a g r e a t e r  discharge capaci ty v s  

e l e c t r o l y t e  e f f e c t  w i t h  improved overcharge 

c h a r a c t e r i s t i c s  f o r  t h e  Teflon screen .  This 

cons idera t ion ,  along w i  th i t s  p r a c t i c a l  i-hickness 

o f  1 0  m i l s ,  c l e a r l y  i n d i c a t e s  t he  value of c e l l  

Test ing t h i s  mater ia l  during next  q u a r t e r ' s  work. 

f ,  The c e l l  mechanism envisioned f o r  t h e  67 mesh 

Teflon sc reen  with i t s  9 , 8  m i l  ape r tu re  and 10  

m i l  th ickness  is t h a t  o f  keeping the negat ive 

p l a t e  supplied with a constant t h in  f i lm  of 

e l e c t r o l y t e  during drained overcharge- 

g" Good drainage seems assured f o r  the f ree  e l e c t r o -  

l y t e  between t h e  p l a t e s  a t  the  i n i t i a l  l e v e l  drop 

and a l s o  f o r  excess f r e e  e l e c t r o l y t e  expel led by 

p l a t e  gassing, The t h i n  f i lm of e l e c t r o l y t e  

observed t o  be supported by the screen  ape r tu re  

i s  regarded as e a s i l y  permeable by oxygen and, 
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when broken by gassing,  e z s i l y  r e s t o r e d  by 

f r e s h l y  expelled e l e c t r o l y t e "  Among the  67 

mesh per  inch, a s i g n i f i c a n t  number of  spaces 

w i l l  be  a t  a l l  times bridged by e l e c t r o l y t e  

f o r  i o n i c  and d isso lved  oxygen t r a n s f e r  with 

the  remaining mesh open f o r  d i r e c t  gaseous 

passage 

h, The chemical i n e r t n e s s  and hea t  s t a b i l i t y  of Teflon 

a r e  f u r t h e r  a s s e t s "  Cost i s  the  ch ie f  disadvantage,  

2 , 1 , 3  Bellows and Bellows S u b s t i t u t e  Study - 

2 , 1 , 3 , 1  Bellows, - Detai led i n q u i r i e s  were s e n t  to e i g h t  

manufacturers of bellows with requirements f o r  four  d i f f e r e n t  ranges 

of volume change: 20 ,  1 0 ,  4 and 2 cc ,  Uncertainty over t h e  type and 

dimension of t h e  sepa ra to r  t o  be used was the  reason  f o r  spec i fy ing  

a range r a t h e r  than an exact- s i z e ,  A 1" ou t s ide  diameter w a s  spec i f i ed ,  

Five responses yielded only one bellows worthy of  s e r ious  con- 

s i d e r a t i o n ,  This one, from the Servome ter Corporation, C l i f ton ,  No J. ? 

of fe red  t h e  fol lowing advantages: 

a ,  A reasonable  p r i c e ,  inc luding  spec i f i ed  end 

f i t t i n g s  

b, A reasonably s h o r t  de l ivery .  

c, The leas t  extended bellows length 

- 1 9  - 
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d , The s h o r t e s t  compressed lengthe  

e ,  An electroforming technique t h a t  can be 

used i n  t he  f u t u r e  for r ec t angu la r  

bellows (the ma te r i a l  i s  pure n icke l )  

An order  was placed f o r  ten bellows, f i v e  of t he  20 cc range 

and f i v e  of  1Q cc range, Delivery has been promised by February 10 ,  

19  65 

2 , 1 , 3 , 2  Bellows Subs t i i x t e  ( P l a s t i c  Pillowsl, - The s tudy o f  

non-me t a l l i c  bellows s u b s t i i x t e s  i n  the  form of p l a s t i c  p i l lows  has 

covered a survey of twenty or more sources  of supply f o r  f i l m ,  t u b h g ,  

and bags, Appendix A lisl-s some o f  these  sources-  

Techniques f o r  hea t  s e a l i n g  have included. ho t  r o l l i n g ,  h o t  

p re s s ing  and flame, A i r  i n  exact  amount can be added t o  experimental 

p i l lows  by hypodermic needle  with r e - s e a l  of t h e  puncture,  

Heavy f i l m s  and thick wal l  round tubing a r e  unsui tab le  due t o  

s k i f f n e s s  which i n h i b i t s  f l ex ing  and which imparl-s an unfavorably 

l a r g e  dead volume, 

The th inne r  f i l m s  such a s  polyethylene and nylon show e x c e l l e n t  

volume change c h a r a c t e r i s t i c s  b u t  a r e  subjeck t o  f a t i g u e  f a i l u r e  a t  

p c i n t s  of severe  f l ex ing ,  Table V I  l i s ts  some d a t a  gathered by 

automatic f l e x  t e s t i n g  on t e n  sample p i l lows  ranging from 4 m i l s  
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L-o 20 m i l s  th ickness  of b a s i c  ma te r i a l ,  The specimens were a l l  

f l e x  i-ested while  immersed i n  25% KOH e l e c t r o l y t e  a t  room temperature,  

Some e x c e l l e n t  va lues  of  both A V/V and f l e x  l i f e  have been obtained,  

bu t  the r e l a t i v e l y  i s o l a t e d  successfu l  r e s u l t s  should be repeated 

a t  low temperature before  an accurate  assessment can be made of cycle  

l i f e ,  

5 0 ° C  has been se l ec t ed  a s  a cont rac t  o b j e c t i v e  

A goal  of 10 ,000  cycles  i n  t h e  temperature range of 0 ° C  to 

Samples of laminates  polyethylene and polypropylene to Mylar 

a r e  being procured t o  improve gas r e t e n t i o n  p r o p e r t i e s ,  Saran 

a s  a laminate (4) and Kel-F tubing alone (5) (6) are repor ted  t o  have 

e x c e l l e n t  gas impermeability. 

The p o s s i b i l i t y  of an e f f e c t i v e  and r e l i a b l e  p l a s t i c  bellows 

device  continues t o  warrant- an a c t i v e  inves t iga t ion , ,  

2 - 1 - 4  S ix  Ampere Hour Test Cel l s .  - F i f t e e n  c l e a r  l u c i t e  con- 

t a i n e r s  with a bellows chamber have been constructed e s s e n t i a l l y  

a s  shown i n  Figure 8. 

To keep t h e  f r e e  e l e c t r o l y t e  volume t o  be handled by bellows 

a c t i o n  a t  a minimum, the clearance between element [p l a t e  pack) 

and j a r  wa l l s  has  been reduced t o  a minimum. P las t - ic  shims w i l l  be 

used to achieve t h i s  f i t  i n  the platte th ickness  d i r e c t i o n ,  

- 2 1  - 
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A c y l i n d r i c a l  p l a s t i c  bellows chamber was adopted t o  permit a 

c l e a r  view of bellows a c t i o n  e i t h e r  while  a t tached t o  the  c e l l  o r  

s e p a r a t e l y  during bellows eva lua t ion  t e s t s ,  An "O"-ring s e a l  permits  

easy attachment o r  removal of t h e  chamber from t h e  ce l l  bottom, The 

threaded end cap with "O"-ring s e a l  permits  i n s  t a l l a t i o n  o r  replacement 

o f  t he  bellows. A tapped hole  i n  t h i s  cap can be used t o  ppe-charge 

the bellows by a i r  p ressure  o r  evacuat ion,  

a f u l l y  encapsulated device such a s  a p l a s k i c  p i l low o r  s ea l ed  

bellows be used, This access cap a l s o  permits  add i t ion  of shims 

t o  l e s s e n  t h e  l i q u i d  volume o r  l i m i t  t h e  extension of a bellows. 

I t  can be plugged s h o u l d  

The removeable f e a t u r e  of the c y l i n d r i c a l  chamber makes poss ib l e  

t h e  eventua l  add i t ion  o f  a permanent p r i sma t i c  bellows chamber below 

o r  a t  t h e  s i d e  t o  achieve a r e l a t i v e l y  p r a c t i c a l  o v e r a l l  c e l l  

conf igura t ion .  

Provis ion i s  made i n  t h e  c e l l  top ,  between the  p o s t s ,  f o r  a 1/8" 

p ipe  assembly of pressure  gauge and needle va lve ,  I n  one narrow c e l l  

wall, near the top and above t h e  p l a t e s ,  i s  t he  loca t ion  f o r  a 

pres su re  r e l i e f  valve se t  a t  90  PSIG. 

The a c t i v e  ma te r i a l  content of a l l  t he  s i n t e r e d  p o s i t i v e  and 

negat ive  p l a  tes  was recorded dur ing  t h e i r  impregnation- Using t h i s  

record ,  t he  p o s i t i v e  and negat ive p l a t e  groups were s e l e c t i v e l y  

- 22 - 
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composed to provide uniformity of  capac i ty  among t h e  f i f t e e n  Pest 

c e l l s ,  A l l  p l a t e  groups a r e  ready f o r  f i n a l  assembly 

l n  o rde r  -to determine Lhe amount of e l e c t r o l y t e  

expect from a t i g h t l y  assembled 6 AH element, t h r e e  

assembled with t h r e e  d i f f e r e n t  s epa ra to r  ma te r i a l s ,  

neiiting, Nalle "Rice Bag" n e t t i n g  and AGB8-M double 

drainage t o  

c e l l s  were 

DuPont Vexar 

l a y e r  nylon 

cLoPh The r e s u l t s  of c a l i b r a t i o n  tests to p e l a t e  e l e c t r o l y t e  l e v e l  

and  e l e c t r o l y t e  volume a r e  p l o t t e d  i n  Figure 9 ,  Nobe t h a t  t h e  

nylon c l o t h  separa ted  c e l l  can be flooded with l e s s  than ha l f  the 

volume of e l e c t r o l y t e  needed to f lood  t h e  ce l l s  wi th  n e t  s epa ra to r s ,  

as pred ic ted  by the t e s t  d a t a  of Table V u  

2,2 Task 2 - F e a s i b i l i t y  of Bellows Control led E l e c t r o l y t e  Level 

Pn Sealed Cd/KOH/AgO and Zn/KOH/AgO, - Work on t h i s  t a sk  was delayed 

u n t i l  t he  optimum bellows could be e s t ab l i shed  by t h e  work descr ibed 

i n  2 . 1 , 3 ,  

7 ,  N E W  TECHNOLOGY 

No new technology w a s  introduced i n t o  the  program dur ing  the  

Gerond quar i-ex- 

PROGRAM FOR NEXT QUmTER 

4 l Task 1, - Task 1 w i l l  be completed by t h e  t e s t i n g  of 

f i f t e e n  6-ampere hour Ni-Gd sealed t e s t  c e l l s  designed according i-o 

t h e  faci-ors given i n  Table VII. Tests  programmed a r e  given i n  Table 

'- 23 - 
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V l I I  The m t i o  of charged a c t i v e  ma te r i a l s  w i l l  be evaluated f o r  e f f e c t  

on recombination dur ing  overcharge, 

Lb,2 Task 2 ,  - Design and f a b r i c a t e  s i x  12-ampere hour sea led  

Ag-Cd t es t  c e l l s  with oxygen e l ec t rodes  and a non-ce l lu los i c ,  micro- 

porous, rap id  d ra in ing  separa tor  system t o  promote e f E i c i e n t  bellows 

a c t i o n  and r ap id  recombination. 

4 - 3  Task 3 ,  - S e l e c t ,  procure,  and i n s t a l l  a pressure  s e n s i t i v e  

microswitch i n  a metal bellows and eva lua te  i n  a bellows c e l l ,  A s  a 

des ign  goal ,  develop a s imi l a r  switch ac tua ted  by c e l l  pressure  and 

exposed t o  the  a l k a l i n e  environmental f o r  use i n  p i l low equipped c e l l s .  

5 ,  CONCLUSIONS AND RECOMMENDATIONS 

5 - 1  Control of e l e c t r o l y t e  l e v e l  i n  s e a l e d  4 - 0  AH s i n t e r e d  p l a t e  

Ni-Cd c e l l s  by p a r t i a l l y  i n f l a t e d  p l a s t i c  p i l lows  has  been demonstrated 

i n  a 22/2 hour o r b i t  a t  a 70% depth of d i scharge  and i n  a 90/30 minute 

o r b i t  a t  a 70"A depth of discharge a t  25°C. 

5 , 2  An e l e c t r o l y t e  of 2oOh KOH o f f e r s  t he  b e s t  compromise between 

d ischarge  capac i ty  and sap id  drainage requirements f o r  op i-irnizing the  

performance of a c e l l  w i  th a "p i l low-cont ro l led"  e l e c t r o l y t e  l e v e l ,  

5 - 3  _An open weave nylon c l o t h  combined wi th  20% MOH provides t h e  

optimum compromise between discharge c a p a b i l i t y  and overcharge 

requirements of i-he microporous? n e t t i n g ,  non-woven, and woven 

sepa ra to r  ma t e r i  a l s  tes ted  t o  da i-e %, 
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5 - 4  Accelerated cyc l ing  t e s t s  cons isk ing  of papid expansion 

and compression of rec tangular  p i l l ow s t y l e  p l a s t i c  bellows have given 

a maximum cycle  l i f e  of 25,000 cyc le s  when performed i n  25% KOH 

e l e c t r o l y t e o  

a t  f l e x  p o i n t s  near t h e  hea t  seal ,  

A p r i n c i p a l  mode o f  f a i l u r e  has  been f a t i g u e  f a i l u r e  

5 , s  Metal c y l i n d r i c a l  bellows wi th  competi t ive va lues  o f  

Q V/br volume e f f i c i e n c y  and g rea t e r  d u r a b i l i t y  have been procured 

f o r  t es t s  i n  the  n e x t  qua r t e r .  

- 2s '- 
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1. 

2. 

3. 

4. 

APPENDIX A 

PILLOW MATERIALS AM) SOURCES OF SUPPLY 

B r o l i  Autoclavable Nylon Tubing; (100' X 1-1/2" X 0,002") 
(made i n  Sweden) (Divers i f ied  Products  Nylon Autoclavable Film 
No. 1041) 

Stokes Molded Products Divis ion,  E, S .  B, , Trenton, N. J. 

Flal;  Tubing: Vinyl  (1-5/16" wide X 017" th ick)  
P l a t  Tubing: Polyallomer (1-1/16" wide X . O l l d "  th ick)  
F l a  i- Tubing: Polye i-hylene (1" wide X .016" t h i ck )  

- Wes t l ake  P l a s t i c s  Company, Lenni M i l l s  Pa 
"Ethylux" s h e e t i n g  i n  10 ,  15 and 20 mil t h i ckness  Standard 
P i l low F l o a t s .  

General  Chemical Div is ion  of A l l i e d  Chemical Corporat ion,  
Morristown, fd, J. "ACLAR" f luorohalocarbon f i l m .  R. F. s ea l ed  

poucher of 9 mil Aclar, 22A. 

5. 

6. 

7 .  

8 "  

9. 

1 0  Y 

11 D 

Jvers-Lee Company, Newark, N. J. "3-DEE" packages combination 
1L-dl-LEX 2 1  (Al l ied  Chemical "ACLAR") (6 m i l s  t h i ck )  (a f l u o r o -  
halocarbon) ,  1L-D-6 (Minnesota Mining & 'Mfg.. Co. "Scotchpak") . 
General Chemical Divis ion,  A l l i e d  Chemical Corporat ion,  C h a r l o t t e ,  
N. C. Capran (polyamide) f i l m  th ickness  = 3 m i l s ,  

Avisun Corporat ion,  Phi lade lphia ,  Pa, 
Olefane A-25,  polypropylene f i l m ,  Lc m i l s  t h i c k ,  one s i d e  corona 
d i scha rge  t r e a t e d  f o r  p r i n t a b i l i t y  [Spec, 1000, EPO 387, No. 
(1-5632) a l s o ,  un t r ea t ed  f i l m .  

Sealed A i r  Corporat ion,  Hawthorne, N. J. "Aircap" s m a l l  a i r  f i l l e d  
capsules  of thin Saran and polye-Lhylene f i l m ,  

Ex t ron  Corporat ion,  Knoxville,  Tenn, "Trans tube" F l e x i b l e ,  c l e a r  
PVC tubing 1 . D -  = 1 / 2 ,  3/4 and 1". Local d i s k r i b u t o r :  Robert  
E. Mason iS Associa tes ,  Inc. I )  Char lo t t e ,  N,  C. 

Cont inenta l  Can Coo 

Laminate of 1-5 m i l  polypropylene on 0 , s  m i l  Mylar 
Laminate of 3 m i l  polyethylene on 0 .75  m i l  Mylar, 
Laminate of 1-5 m i l  medium d e n s i t y  polyethylene on 0,s m i l  Mylar. 

The UnitEd Stal-es Stoneware Company, Akron, Ohio 
Tygon F l e x i b l e  P l a s t i c  Tubing, Formulation R-3603, 1" I o D e ,  1-1/4" 
O,D,, 1/8" w a l l  1/2 l O D m 5  5/8 O , D , ,  1/16". 
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12. Commercial P l a s t i c s  and Supply Corporat ion,  Atlan-La, G a .  
"Astra/08" extruded f l e x i b l e  tubing 3/4 1 . D  X 35 m i l  w a l l  
(Decomposed by KOH2 Polye-thylene s h e e t  "Boronol" Type A ,  2 0 ,  
30, 60 and 90 m i l s  t h i c k ,  

13 -  E. I. DuPont de Nemours and Company, Inc.  "Surlyn A" thermoplas t ic .  
(Sheet o r  Cube samples requested)  (none rece ived)  

14. Shop Stock - Polyethylene s h e e t ,  4 m i l s .  

15. Adam Spence Corporat ion,  Union, N . J .  - KEL-F-81 tub ing  (used by 
J. A. Deknatel 6 Son, Inc . ,  Queen Vi l l age ,  Long I s l a n d ,  N.Y. 
as a s u t u r e  package). 

- 28 - 
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FIGURE 1 

V A R I A T I O N  OF 
C E L L  PRESSURE AND BELLOWS CONTROLLED ELECTROLYTE LEVEL 

DURING 24-HOUR O R B I T  CYCLING 
OF 4 AB N i - C d  SEALED C E L L S  
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FIGURE 5 
EFFECT OF OPEN WEAVE SEPARATOR MATERIALS ON DISCHARGE CAPACITY OF 4 AH 
Ni-Cd CELLS WITH lo%, 50% AND 100% PLATE IMIMERSIQN IN CELL ELECTROLYTE 

Separa tor :  DuPont Vexar Net ,  Type 15 ADS129, 23 M i l s  Thick 
I" 40 

0 - 9 0  
Separa tor :  Nal le  R i c e  Bag Net, 1 6  M i l s  Thick 

0 - 9 0  
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FIGURE 9 

EFFECT OF OPEN WEAVE SEPARATOR MATERIALS 

VOLUME IN 6 AH Ni-Cd CELL 
ON RELATION BETWEEN ELECTROLYTE LEVEL AND ELECTROLYTE 

20 40 60 80 100 

E lec t ro ly t e  Level - Percen t  Immersion 
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21.7 

22,O 

20.0 

22.0 

TABLE I1 

1.48 

1.58 

1-44 

1.93 

CELL PRESSURE AND ELECTROLYTE LEVEL EXTREMES DURING 
24-HOUR ORBIT CYCLING TEST OF 4 AH NiCd CELLS 

Maximum Pressure  S t a t e  

21.5 1 - 2 0  L 1 . 1 0  

1. 78 

1.82 

20 

0.85 

1 .00  

1 .07  

1.28 

Minimum Pressure  S t a t e  
Cell Pressure-Absl P l a t e  (4)- Occurrence 

Lfter Charge 
H r s  

0 (3) 

0.6 

4 .1  

2 - 8  

A t m .  ai 
25 

0 07 

. l a  

D 20 

25 

- 0 7  

60 

3 3  

D 37 

I 
D 07 Po. 0 

60 bl. 0 

ion-' 

10 .0  

11.6 

1 2 . 2  

20 

10 .0  

0 

1.8 

9.8 

Notes : 

1. D = discharge  C = charge. Maximum pres su re  occurred a f t e r  3 minutes 
of discharge.  

2, S t a r t i n g  c o n d i t i o n  f o r  t e s t  on ce l l s  S/N 3 (25%) and S/N 4 (31% KOH) . 
3. S t a r t i n g  cond i t ion  f o r  t e s t  on cel ls  S/N 3 (25%) and S/N 4A (2W0 KOH). 

4. E l e c t r o l y t e  l e v e l  adjusted i n i t i a l l y  t o  10% immersion. Maximum and 
minimum l e v e l s  con t ro l l ed  by p i l l ow bellows device,  Minimum l e v e l  
a t  maximum p r e s s u r e  s t a t e  v a r i e d  from 16-21 mm below bottoms of p l a t e s .  

5. Separa-tor: Two l a y e r s  4 m i l  nylon mono-filament c lo th .  
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TABLE 111 

CELL PRESSURE AND ELECTROLYTE LEVEL EXTREMES DURING 2-HOUR ORBIT 
CYCLING TESTS OF 4 AH NiCd CELLS 

Cycle 
No, is 

Maximum Pres  ire S t a t e  - OCCL Cel l  P re s su re  
Minimum Pressure  ! 

A t m .  
HI % 

: a t e  
P l a t e  (2; 'enc 

D 
M i n  

- 

- 
30 
30 

30 
30 

30 
30 

- 

- - 

irence 
Chg. Rate 
Amps D 

0.936 
(3) 

( 3 )  

(3) 

(3 1 

0,936 

0,656 

0.656 

(& 
3 - 

1 2  

13 
- - 
14  

15 
I_ - 
18 

1 9  

20 

28 

29 
- 

C 
Min 
_.__ 

89.5 
89 , s  

8 5 - 0  
8 5 - 0  

D 
Min 
- - 
- 

- S/N 
4 - 

7 

8 

9 

1 0  - - 

13  

1 4  

15 

23 

AbS 
(KO: 

25 
3,9 

5 .7  

2 .9  

2 .5  

A-tm 
% 

20 

6 - 7  

6,8 

1 , o  

1 . 3  

c 
Min, 

Abs 
3 
2 5  
2 , 9  

4 . 1  

20 

5 - 4  

5 , 4  

0 - 8  

0 - 6  

43 

70 

0 ,63  

90,o 
90.0 

89.0 
89,O 

2 "  2 

1 . 6  

- 

0.64 

0*83  

- 

0 - 8 0  

3 0 
30 

30 
30 

30 
30 

1 6  
30 

- 
- 

30 

9 0 , o  
90 -0  

90"  0 

0,51c 
(3 1 

(31 

c33 

(3.9 

0,51c 

0051C 

0,SlC 

0,516 

0.8 

1 . 4  

1 . 6  

1 . 2  

1 . 3  

0.6 

1" 4 

1 , 4  

I, 0 

1,l 

5.0  

5 - 0  
5 , O  

5.0  
5 - 0  

5 - 0  
5 .0  - 24 3 0  

Notes: (1) Separator :  2 l a y e r s ,  4 m i l ,  120  mesh nylon mono-filament c l o t h ,  
(2) E l e c t r o l y t e  Level: I n i t i a l l y  10.0% immersion a t  26" vac. (0-13 

(3) 
abs,  atm), 
Cycle Conditions:  Charge 90 .0  minutes a t  i nd ica t ed  r a t e s  t b  L 4 C ,  
1 - 0 6 ,  o r  0 , 7 7 6  input .  
Discharge 30-0  minutes a t  5 - 6  amps f-700/0 dep th ) ,  
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TMLE I V  

CHARGE AND DISCHARGE CHARACTERISTICS OF 4 AH NiCd 
CELLS WITH NETTING AND WOVEN CLOTH SEPARATOR MATERIALS 

T e s t  Parameter 
Separa tor  Y a t e r i a l  

E l e c  t r o l y  t e  Concentration, % 

1. Open C e l l  Discharge Tests: (1) [2) 

100% P l a t e  Immersion 
1, Flooded C e l l  Capacity,  A , H ,  

2, C e l l  Capacity,  A.H. 
58/0 P l a t e  lmmersion 
Capacity,  % Flooded Capacity 

3,  Ce l l  Capaci-ty, A.H. 
10% Pla-te Immersion 
Capacity,  % Flooded Capacity 

3, Sealed C e l l  Charge T e s t s :  
1. Charge and Overcharge 

Inpu t  a t  G/10 r a t e .  AH 
Input  ai- CJ20 r a t e ,  AH 
Second Tnput a t  6/10 r a t e ,  AH 

T o t a l  Inpu t ,  AH 

2, Test  End Voli-age, V o l t s  

3, Maximum C e l l  P ressure ,  Abs. 
A h "  

Oa Pla-be Immersion, 74 
a t  T e s t  End (3) 

DuPont V exar  
N e t  ( 2 :  
25 

5 ,58  

3,60 

65 

1 .10  

20 

1" 2 
0.8 

2 . 0  

1.545 

I-- - 

0,53 

26 

3,90 

75 

1.58 

30 

1 , 2  
4 - 2  

5 - 4  

1, 5 1  

- - -  - 

2 - 9  

16 

ieparator Sv, 
Nalle Net 

-!ai- 
25 

Y,66 

3-50  

75 

1 - 3 2  

28 

4-90 
1 - 8 0  

6 - 7  

1 - 5 4  

--- 

0 , 5 7  

40 

5 - 3  

3.6 

6 

1 , 3  

2 

4,9 
1 . 9  

6 - 8  

1 . 5  

-- - 

4.4 

2 

:em 
A,G.B. Nykor 
: loth (8 

25 

4.40 

4.58 

19 4 

4.08 

93 

7.3 
5 .1  

19.2 
31.6 
- 

1.49 

1 .5  

1 0  

Mils) 
20 

4.8C 

4. 6; 

9f 

4.0; 

8E 

7 .3  
5 . 1  

19.2 
31.6 

1.4: 

- 

4.2 

15  

Notes: (1) Each charge 1 6  hours a t  C/10 r a t e  = 6 - 4  AH inpu t ,  
Each d ischarge  a t  C/2 r a t e  t o  1 , O O  v o l t  pe r  ce l l ,  
I n i  t i a l l y  p l a t e s  were 100% immersed, 

(-2) 
(3) 
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TABLE VI1 

DESIGN FACTORS FOR 
15-6 AMPERE HOUR Cd/KOWNiOOH STMERED PLATE TEST CELLS 

FOR EVALUATION OF BELLOWS ACTION 

PLATES 

P o s i t i v e  - 6 p l a t e s  @ 1-3/4 X 1-3/4 X 0,050" 
Negative - 7 p l a t e s  @ 1 - 3 A  X 1-3/4 X 0,050" 

SEPARATOR * 
Type 1 - AGB 8 - M  Nylon' mono-filament s c reen  clo-th,  double l a y e r ,  

Type 2 - AGB 9-60-250 Teflon mono-filamen-L sc reen ,  1 l a y e r ,  1 0  mils. 
Control  3 - Pormax, microporous PVC s h e e t ,  10  m i l s "  

8 m i l s  t o t a l  thickness,  

ELECTROLYTE 
200k KOH 

LEVEL CONTROL 

3 cyc le s  f looded,  wi th  two e l e c t r o l y  te re-newals 

PRE-SEAL GROUP CHARGE ADJUSTMENT 

To give sealed ratio: Chg'd neg,/Chg'd pos, cap. = 1. Lc 

(*) Separa to r  Assignment t o  C e l l  Groups 

INITIAL TEST GROUP (,6 Cel l s )  

C e l l  Nos. 1, 2 ,  3 = nylon c l o t h  s e p a r a t o r s  
C e l l  Nos. 5 ,  6 ,  7 = Teflon sc reen  s e p a r a t o r s  

CONTROL GROUP (3 Cel l s )  

Cel l  No. 4 = Nylon 
Cel l  No. 8 = Teflon 
Cel l  No. 9 = Pormax 

OPTIMIZED GROUP (6 Ce l l s )  
C e l l  Nos. 10 through 15  = Pormax i n i i - i a l l y  f o r  3 cyc le  

C e l l  Nos. 10  through 15 = b e s t  m a t e r i a l  based on i n i t i a l  
formation. 

tes ts 
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TABLE V I 1 1  

EVALUATION TEST SCHEDULE 

Cd/KOH/NiOOH CELLS 
FOR 6 AMPERE-HOUR BELLOWS CONTROLLED 

BELLOWS CALIBRATION 
1,1 Compression Stroke T e s t  All m e t a l l i c  bellows and p i l lows  as ind ica t ed  - 

Sealed C e l l  Control Group: 

Control Group = Force Drained 

I n i t i a l  t e s t  group ( 6  c e l l s )  
Control group 13 c e l l s )  

Level = S e l e c t  from b a s e l i n e  

Rates = S e l e c t  from b a s e l i n e  

Cycle @ 2 4  hour o r b i t  f o r 1 0 q c l e s  

r e s u l  ts 

r e s u l  ts 

Level 
Rates = 
Cycle @ 
Cycle @ 
Ad i u s  trnc 

= Op i- imum E 
S e l e c t  from 
24-hour orb 
2-hour o r b i  

Znts = Rates 

porn 3 -  
3 - 1  r 

i t  fo r  
t f o r  
and 1 

1 results 
8esul-i-s 
' locycles 
40 cycles 
eve l s  as  

>O"C 
Separators :  Optimized f o r  c e l l s  10  t h r u  1 5  
Control Group: O " C ,  5 cyc les  a t  24  hours  and 

1 Cells 5 6L 1 3  ]Ce l l s  6 & 14 jCe l l s  7 & 15 

Coni-inuous c y c l i n g  on s h o r t e s t  
poss ib l e  o r b i  t to e s t a b l i s h  
repea t - ab i l i  ty.  


